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Niche partitioning, the process by which competing species use different subsets of the 
available resources, is commonly used to explain the coexistence of closely related species. In 
the northwest Gulf of Mexico on the shelf-edge banks, red snapper (Lutjanus campechanus) and 
vermilion snapper (Rhomboplites aurorubens) are two coexisting closely related species. Yet, 
little is known about how these species partition resources. In this study, niche partitioning of red 
snapper and vermilion snapper was investigated using gut contents and stable isotopes. While 
dietary niche partitioning was apparent, the species relied upon similar prey and displayed 
isotopic niche overlap, supporting the notion that their resource use overlaps. Red snapper and 
vermilion snapper shared five of the seven broad prey categories. Isotope niche overlap between 
the species was approximately 10%, with the greatest overlap occurring between the largest 
vermilion snappers (≥300 mm) and red snappers <550 mm. The primary difference between 
these two species’ diets was the predominance of fish and zooplankton. Red snapper specialized 
on fish, whereas vermilion snapper specialized on zooplankton. Vermilion snapper exhibited 
lower ∆13C and ∆15N values relative to red snapper, which is indicative of greater pelagic feeding 
on lower trophic level prey. The degree of niche partitioning was similar across different 
locations; however, size-related niche shifts were not consistent. It is possible that niche 
partitioning is the result of long-standing competition occurring between red snapper and 
vermilion snapper. In addition, size-related niche shifts might reduce intraspecific competition. 
However, competition is unlikely to occur unless shared food resources are limited. Further 
research is required to determine the existence of competition. Understanding interactions among 





Multispecies or “ecosystem-based” management of fish assemblages require an 
understanding of the ecological aspects shaping communities, including competitive interactions 
(Link 2002). Competitive interactions represent one of several ecological aspects (predation, 
resource availability, environmental variation, etc.) that are important in structuring communities 
(Turner et al. 1990, Correa 2014, Sánchez‐Hernández 2017). Interspecific competition occurs 
when coexisting closely related species compete for resources, particularly when food 
availability is low (Schoener 1986). When species compete, their population dynamics are 
ecologically interdependent (van de Wolfshaar et al. 2012). For example, one species high 
abundance and dominance over limited food can reduce the growth and reproduction of the other 
species, which in turn, can decrease survival and eventually lead to competitive exclusion of the 
inferior species (Hardin 1960). When individuals of the same species (i.e. conspecifics) 
inhabiting a shared habitat compete for limited food, intraspecific competition occurs (Svanbäck 
et al. 2008). Although theoretically robust, it is difficult to measure competitive interactions 
(Hixon 2006). Nonetheless, failure to recognize fish interactions in fisheries management plans 
can result in fish stock collapses (van de Wolfshaar et al. 2012).  
Niche partitioning, the process by which competing species use different subsets of the 
available resources is a central process in community ecology and has been widely used to 
explain how coexisting species avoid competitive exclusion (Schoener 1974, Walters 1991). 
Competing species often segregate along multiple niche dimensions. Niche partitioning may 
arise from differences in specific prey types consumed (i.e. dietary niche) or from separation in 
when and where prey resources are utilized (Walters 1991). However, Ross (1986) suggests that 




partitioning. Dietary niches narrow or shift, thereby increasing niche partitioning, reducing 
competition, and facilitating coexistence between species or conspecifics (Schoener 1974). Since 
competition is difficult to confirm, the presence of niche overlap and partitioning is frequently 
used as an indication of competition (Schoener 1974, Ross 1991).  
Most fish species exhibit a generalist feeding strategy, in which they normally make use 
of a variety of prey resources (Gerking 1994a). Moreover, nearly all fish species 
opportunistically feed on available prey that is outside their usual diets, as long as it can be 
captured and ingested (Gerking 1994a). Thus, generalist populations can consist of both 
individuals that have a broad niche and specialized individuals that utilize a subset of the 
population diet (Amundsen 1995, Svanbäck and Bolnick 2006). Intra- and interspecific 
competition can influence a population or individuals’ diet. High interspecific competition can 
lead to greater population specialization, typically of the inferior species (Putman 1994). 
Likewise, intraspecific competition tends to result in greater individual specialization (Svanbäck 
and Bolnick 2006). Individual specialization may reduce intraspecific competition alone or 
reduce both intra- and interspecific competition (Svanbäck and Bolnick 2006, Araújo et al. 
2011).  
As fish increase in size, resource use commonly shifts (Gerking 1994b). Such ontogenetic 
niche shifts are determined by a suite of biotic and abiotic conditions, including competitive 
interactions, predator avoidance, and metabolic requirements (Werner 1986, Kimirei et al. 2013, 
Galarowicz et al. 2006). Shifts in prey type with ontogeny ultimately maximizes energy intake, 
reproductive output, and survival (Werner 1986, Grol et al. 2011). There are many examples of 




dietary overlap, illustrating how resource partitioning can be a consequence of competition 
(Werner and Gilliam 1984).  
The combination of gut content and stable isotope analysis have been used to research 
dietary resource use and fish interactions (Bearhop et al. 2004, Chipps and Garvey 2007, 
Boecklen et al. 2011). Gut content data is an indicator of recent feeding and can be used to 
compare diets. However, such analysis is not without its limitations. Fish commonly have empty 
stomachs and differences in digestibility can lead to overestimations of hard to digest prey 
(Chipps and Garvey 2007). Stable isotope analysis is a continuous measure of resource use that 
relies on consistent enrichment of stable nitrogen (d15N) and carbon (d13C) isotopes between 
prey and predator. It has the advantages of recording time-integrated diets, allowing for direct 
comparison of populations, and for combining information of dietary richness and evenness 
(Bearhop et al 2004). Carbon is generally used to investigate organic matter sources supporting 
fish growth, while d15N is used to investigate trophic levels (Fry 2006). The combination of d13C 
and d15N isotopes is used to measure multiple niche dimensions and can be used to measure 
niche relationships between individuals or species (Bearhop et al. 2004).  
Using isotopes to compare the dietary niche of species or individuals has some important 
caveats. In order to differentiate between distinctive food sources, those sources must have 
unique isotopic signatures, which is not always the case (Phillips 2012). If multiple food source 
combinations are possible for the same isotopic value, isotopes may underestimate the diet 
variation between populations or among individuals (Mathews and Mazumder 2004). On the 
other hand, isotope signatures at the base of the food web must remain constant. Yet several 
studies have shown baseline isotope values shift spatially and temporally as a consequence of 




temporal or spatial baseline variance rather than shifts in diet. For these reasons, traditional uses 
of stable isotopes require the assessment of isotopic variance of potential prey sources (Bearhop 
et al. 2004). Fry and Davis (2015) propose an alternative top-down approach that does not 
require estimates of basal resources or prey resources, but focuses on the interactions between 
and among populations. This method re-scales isotope data into modified Z-scores, ultimately 
revealing intra- and interspecific interactions (Fry and Davis 2015).  
Red snapper (Lutjanus campechanus, RS) and vermilion snapper (Rhomboplites 
aurorubens, VS) are morphologically similar and closely related species that are associated with 
hard bottom habitats, and thus have the potential for interaction. Previous studies have shown 
that these two species live on and in close proximity to structured habitats within the Gulf of 
Mexico (Fable Jr 1980, Grimes and Huntsman 1980, Gallaway et al. 2009, Dance and Rooker 
2019). Additionally, diet analysis of each species separately (Gallaway et al. 2009, Johnson et al. 
2010) and together (Davis et al. 2015) suggest there may be dietary overlap, as both species 
consume fish and zooplankton. Competition between these two species has been previously 
suggested; Davis et al. (2015) found indications that the species are interacting at artificial and 
natural reefs in the northcentral Gulf of Mexico (GOM).  
This study examined the feeding ecology of RS and VS at the shelf-edge banks in the 
northwest GOM. While RS and VS diets have been studied separately, there are few direct 
comparisons of their diet and no studies comparing their diets on the shelf-edge banks, which are 
known to have high biomass of large reef fish, including red snapper (Streich et al. 2017). The 
primary objective of this study is to identify the niche relationship of RS and VS at the shelf-
edge banks in the northwest GOM. The degree of dietary overlap is expected to be reflective of 




VS, (2) there will be dietary niche partitioning, (3) ontogenetic shifts will be evident within 




MATERIALS AND METHODS 
Study Area and Sample Collection 
Sampling occurred at seven shelf-edge banks in the northwest GOM (Figure 1). Six of 
the sites sampled, Rankin, Bright, McGrail, Sidner, Alderdice, and Jakkula, are part of an 
extensive network of banks located 300 to 450 km west of the Mississippi River Delta. The 
seventh bank, Sackett Bank, is located approximately 60 km southwest of the Mississippi River 
delta. Sites were distributed from east to west, and grouped into three regions in order to increase 
sample sizes for spatial niche relationship comparisons. These sites provide a range of substrate 
complexities and physical conditions representative of the shelf-edge banks (Table 1, Dennis and 
Bright 1988, Gardner and Beaudoin 2005). 
Sampling occurred seasonally between fall of 2015 and spring of 2017.  Inclement 
weather, mechanical problems, and time logistics, prevented sampling at all seven sites for eight 
trips. Sampling was conducted during at least three seasons for all banks except Sackett, which 
was sampled once during the spring of 2017. Seasons were defined as winter (December, 
January, and February), spring (March, April, and May), summer (June, July, and August), and 
fall (September, October, and November). 
 Four fishing locations were selected at each bank based on the greatest biomass 
identified through visual examination of hydroacoustic data. The time of day when fishing was 
conducted varied by site and sampling trip. Four vertical long lines and up to six single poles 
were deployed at a time. Fishing occurred for a minimum of two hours per site either until fifty 




 hooks (sizes 6 or 9), spaced approximately 0.5 m apart. The bait included chub mackerel 
(Scomber scombrus) and squid (Loligo sp.). All RS and VS caught were tagged and euthanized 
by immersion in ice until processed on board the research vessel. 
 
Table 1. Comparison of the physical characteristics of Rankin, Bright, McGrail, Sidner, 
Alderdice, Jakkula, and Sackett Banks. Crest depth and surrounding depth are given in meters 
(m), whereas surface area is given in km2. Values were obtained from Dennis and Bright (1988) 
and Gardner and Beaudoin (2005). 
 
Bank Rankin Bright McGrail Sidner Alderdice Jakkula Sackett 
Region West Central East 
Latitude 27°55’N 27°53’N 27°58’N 27°55’N 28°05’N 27°59’N 28°38’N 
Longitude 93°27’W 93°18’W 92°36’W 92°23’W 91°60’W 91°39’W 89°33’W 
Surrounding 
Depth 105 130-150 110-130 100-160 84-90 130-180 100 
Crest Depth 51 48-50 44-90 58 55 66 67 
Surface 
Area -- 16.67 7.19 -- 11.45 3.60 7.02 
Figure 1. Map of the northwest Gulf of Mexico showing locations of sampling areas at seven shelf-




On board the vessel each fish was weighed to the nearest 0.01 kg for total weight with a 
Marel motion compensated scale and measured to the nearest mm fork length (FL). The 
stomachs and intestinal tract (guts) were removed from selected specimens, placed in an 
individual jar, and frozen until returned to the laboratory, where they were stored at -18°C. If an 
individual exhibited stomach eversion due to barotrauma, the gut was not taken due to loss of 
prey items. In the laboratory frozen guts were thawed, cleaned of excess tissue, and weighed to 
the nearest 0.1 g. Gut contents were sorted, counted, and identified to the lowest possible 
taxonomic level. Contents that were difficult to identify immediately were transferred to 70% 
ethanol for storage until contents were identified. Each prey item was dried at 60°C for 
approximately 24 h and weighed to the nearest 0.0001 g. 
For stable isotopes analysis, a small sample (1-2 cm2) of epaxial muscle of the left flank 
of each fish was collected using a stainless-steel scalpel, rinsed with deionized (DI) water 
between each individual. Tissue samples were frozen in plastic jewelry bags until returned to the 
laboratory, where they were stored at -80°C. In the laboratory, tissue samples were thawed, 
rinsed of extraneous material with DI water, placed in sterile 20 ml glass scintillation vials, and 
dried at 60°C for approximately 24 hours in a drying oven (model DX600, Yamato). Dried 
tissues were ground to a homogeneous powder in a Wig-L-Bug machine, and between 1.0 and 
1.5 mg of the dried tissue was placed in a tin capsule (according to the sample preparation 
guidelines supplied by University of California, Davis Stable Isotope Facility (UCD-SIF). 
Prepared samples were sent to the UCD-SIF and analyzed for carbon (δ13C) and nitrogen (δ15N) 
with a PDZ Europa ANCA-GSL elemental analyzer interfaced to a PDZ Europa 20-20 isotope 
ratio mass spectrometer (Sercon Ltd., Cheshire, UK). During analysis, samples were interspersed 




compositionally similar to the tissue samples. The long-term standard deviation at the facility 
was 0.2‰ for δ13C and 0.3‰ for δ15N. The final values are expressed relative to international 





− 1. × 10" 
where X is 13C or 15N and R represents the ratio of heavy to light isotope (13C/12C or 15N/14N; 
Peterson and Fry 1987). Delta 13C and δ15N were re-scaled as modified Z-scores (denoted as 
D13C and D15N) following the equations described in the supplementary material of Fry and 
Davis (2015).  
Data Analysis 
Red snapper and VS diets were examined by populations and size groups. Size ranges 
were selected to maximize sample sizes in each group and balance the groups across the regions 
(west, east, and central). Vermilion snapper were grouped into small (<300 mm FL, mean ±SD: 
239.7 ±21.7, range: 184-271) and large individuals (≥300 mm FL, mean ±SD: 354.8 ±40.2, 
range: 300-440). Red snapper were grouped into small (<450 mm FL, mean ±SD: 397.6 ±38.3, 
range: 308-449), intermediate (450-549 mm FL, mean ±SD: 500.3 ±29.7, range: 450-549) and 
large individuals (≥550 mm FL, mean ±SD: 633.32 ±57.9, range: 552-804). 
Gut Contents 
A total of 169 RS and 137 VS were captured. Of the 169 RS, 102 stomachs were 
distended and of the 137 VS, 73 had distended stomachs. Consequently, gut content analysis was 
performed on a total of 67 RS and 64 VS (Table 2). Empty stomachs and those containing only 
unidentifiable material, chyme, bait, parasites, and rocks were excluded from the analysis. In the 




region, 11 RS (45.8%) and 3 VS (15.8%) had empty stomachs. In the east region, 1 RS (20%) 
and 5 VS (23.8%) had empty stomachs (Appendix a, b, and c). Identifiable contents were pooled 
into seven broad prey categories based on taxonomic or ecological similarities among prey. 
Pooling data was necessary for graphical presentation and to calculate the diet overlap between 
species and size groups. 
Table 2. Red snapper and vermilion snapper sample sizes for gut content (excluding empty 
stomachs and stomachs containing only unidentifiable material) and stable isotope analysis. 
Sample sizes are shown by size group, species, and region. 
 
Multiple diet measures were determined for each population and size group to quantify 
the composition of gut contents. Percent composition by number (%Ni), percent frequency of 
occurrence (%Oi), percent composition by weight (%Wi), percent mean number (%MNi), and 
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where Ji is the number of fish containing prey i and P is the number of fish with identifiable prey 
present.  
 Gut contents Stable isotopes 
 West Central East Total West Central East Total 
Red snapper 15 13 4 32 103 43 13 159 
<450 mm 4 1 - 5 37 7 - 44 
450-549 mm 7 3 - 10 47 13 - 60 
≥550 mm 4 9 4 17 20 23 13 56 
Vermilion snapper 14 16 16 46 42 41 52 135 
<300 mm 6 4 8 18 26 12 23 61 
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where P is the number of fish with identifiable prey present, j is the fish, Nij is number in prey 













where P is the number of fish with identifiable prey present, j is the fish, Wij is weight of prey 
type i for fish j, and Q is the number of identifiable prey types. 
Each diet index emphasizes different information (Hyslop 1980). Percent composition by 
number tends to emphasize small prey as a dominant component of the diet, whereas percent 
composition by weight emphasizes the contribution of larger prey. The majority of diet studies 
use percent composition by weight to measure the contribution of each prey type (Baker et al. 
2013). Yet there are fundamental problems with using this method. It is often impossible to 
separate different prey types with accuracy due to partial digestion; thus, the resulting measures 
of weight are biased. In addition, the composition of gut contents is affected by unquantifiable 
factors, including mechanical prey handing, differential digestion and evacuation rates of prey 
types, the order that prey are ingested, and the sample size of consumers (Baker et al. 2013).  
Frequency of occurrence overcomes many of the limitations of more quantitative approaches but 




diet index to compare RS and VS diets. Percent composition by number was calculated for 
individual fish and then averaged for each prey type (see %MNi).  
Diet overlap was calculated between RS and VS populations, between the different size 
groups of each population, and between the size groups within RS and VS populations. Pianka’s 









where pij is the fraction of prey category i of the total prey categories used by species j or size 
group j, pik is the proportion of prey category i of the total prey categories used by species k, and 
n is the total number of prey categories in the population or size group. 
 Diet width of size groups and populations was calculated using Levins’ niche breadth 





where pi is the fraction of each prey type i in the guts. Levins’ index was standardized on a scale 





where L is Levins’ index and n is equal to the total number of prey items.  
Feeding strategies were investigated using the Amundsen graphical method, where prey- 
specific abundance (Pi) is plotted against frequency of occurrence (Oi). The equation used to 








where Si equals the abundance of prey i in the population, and Sti equals the total abundance of 
prey in fish containing prey i in the population. Although the abundance can be composed of 
number, weight, or volume of prey items, prey-specific abundance was calculated with prey 
number, lowest possible prey taxon, and broad prey categories. The Amundsen plot can be used 
to evaluate important aspects of the fish diet. The distribution of prey types along the diagonals  
and axes describe feeding strategy (specialized versus generalized), relative prey importance 
(dominant versus rare), and niche width contribution (high between-phenotype component 
versus high within-phenotype component, Figure 2). 
Figure 2. Graphical model that depicts feeding strategy, relative prey importance, niche width 
contribution, and interpretation curves; (a) generalist feeders with specialized individuals, (b) 
specialist feeders a narrow niche width, and (c) generalist feeders with generalist individuals (from 





Stable isotopes statistical analyses were performed in R statistical computing package (R 
Development Core Team, 2007) using residual permutations procedures (RPP) developed by 
Turner et al. (2010) and stable isotope Bayesian ellipses (SIBER) developed by Jackson et al. 
(2011). These methods were used to test for differences in isotope niche position and niche 
dispersion between species, among size groups, and among regions. In addition, SIBER was 
used to determine variations in niche width and the degree of isotopic niche overlap between 
populations and size groups. Pearson’s or Spearman’s (for non-normal data distributions) 
correlations were used to determine if there was a correlation between D13C and D15N on fish 
size. Significance was determined at an alpha value of 0.05 for all statistical analyses.  
Red snapper and VS niches were described by dispersion metrics defined by Layman et 
al. (2007), which are a geometric approach based on the position of individuals in isotopic space. 
These descriptors are as follows: 1) D15N Range (NR): a unitless measure of variability of 
trophic level of prey sources calculated as the distance between the most enriched and most 
depleted D15N values for a given population or size group; 2) D13C  Range (CR): a unitless 
measure of variability of primary production calculated as the distance between the highest and 
lowest D13C for a given population or size group; 3) total area of the convex hull (TA): the 
smallest polygon in niche space that encompasses all individuals and represents the overall niche  
occupancy of the population or size group; 4) the mean distance to centroid (MDC): average 
Euclidean distance of each individual to the bivariate mean value, which provides an average 
measure of trophic diversity within population or size group; 5) mean nearest neighbor distance 




measure of the trophic redundancy within a population or size group (i.e. trophic niche of 
individuals are more similar when value is lower).  
Niche position and dispersion differences between populations, size groups, and among 
regions were assessed using the approach described by Turner et al. (2010) that expands on the 
niche metrics described by Layman et al. (2007). This hypothesis-testing framework, based on 
linear models and an RPP, generates null distributions and computes Euclidean distance between 
centroids (bivariate means) to compare isotope niche position. Two niche positions are distinct if 
the Euclidean distance between them is significantly greater than zero. This approach was used 
to assesses variations in the dispersion metrics MDC and MNN. In addition, this approach tested 
variations in eccentricity (ECC), which is the departure from isotropic scatter in D15N and D13C 
dimensions. If ECC equals zero, isotope scatter is perfectly circular or independent, whereas if 
ECC equals one, the isotopic scatter is perfectly linear. The code for running these statistics can 
be found in the supplementary material found in Turner et al. (2010). 
The isotopic niche descriptors proposed by Layman et al. (2007) are sensitive to sample 
size (especially TA) and the presence of outliers. The SIBER method (Jackson et al. 2011) is 
based on the standard ellipse area (SEA, expressed in ‰2, Batschelet 1981), which represents the 
core isotopic niche of a population or size group and alleviates such sample size shortcomings. 
The SEA contains approximately 40% of the data in a given group, regardless of sample size 
(Batschelet 1981). A size corrected version of the SEA (SEAC) further addresses the issue of 
uncertainty with sample size, while minimally influencing large sample groups (Jackson et al. 
2011). The SEAC was calculated for each species or size group (SIBER Package, R) as defined 





Niche widths were calculated using a Bayesian approach to estimate the SEA and the associated 
uncertainty (denoted as SEAB), allowing for statistical comparisons to be made between species 
or size groups (Jackson et al. 2011). The core isotopic niche overlap of SEAC (CIO) was 
calculated for two population or size groups (Cucherousset and Villéger 2015). The overlapping 
area (‰2) was calculated with the SIBER method and overlap in percentage was calculated with 
the following formula:  
CIO = *
overlapping	area
SEA7! + SEA74 − overlapping	area
. × 	100 
with SEAC of two populations or size groups.  
In addition, the influence of the least impacted species on the most impacted species was 
measured. The following equation was used to show what percentage of the overlapping area 




. × 	100 






Diet by Population 
In the west region, the diet composition of red snapper (RS, n=15) was dominated by fish 
(percent mean number: 49%) and crab (17%), whereas vermilion snapper (VS, n=14) consumed 
primarily zooplankton (50%) and tunicates (23%; Figure 3a, Appendix Table A). Red snapper 
and VS percent mean number values for Cavolina sp. was similar (approximately 9%). Pianka’s 
overlap by broad prey categories indicated a 70% diet overlap between the species. In the central 
region, RS (n=13) and VS (n=16) diets consisted of ≥35% fish, ≥20% zooplankton, and ≥9% 
crab (Figure 3b). Consequently, the diets of RS and VS sampled in the central region had a 
higher similarity, with a diet overlap of 80%. There were some prominent diet differences in the 
central region. Vermilion snapper percent mean number for zooplankton was similar to that for 
RS (Appendix Table B). However, zooplankton in the diets of RS consisted of mostly crab 
megalopa but zooplankton in the diets of VS consisted of amphipods, crab megalops, and 
euphausiids. Molluscs contributed 29% to the diet of RS, while only 4% to VS. In the east 
region, RS (n=4) consumed 75% fish, whereas VS (n=16) gut contents consisted of 65% 
zooplankton and 27% molluscs but only 6% fish (Figure 3c, Appendix Table C). The species 
diets were most dissimilar in the east region, with a diet overlap of 10%. However, the diets of 
RS were not fully represented due to the small sample size (n=4).  
Red snapper populations in the west and central region had similar diets (overlap: 93%). 
The total number of unique prey items was similar in both regions; 14 in the west and 15 in the 
central regions (Appendix Table A and B). Differences in RS gut contents were apparent across 
regions. Molluscs were more abundant in the diets of RS in the central region (29%) compared to 




only 35% in the central region. All VS populations consumed a similar number of prey items; 12 
in the west and central regions, and 11 in the east region (Appendix Table A, B, and C).  
 
Zooplankton were important to VS diets in all regions (east: 64%, west: 50%, and central: 
23%). Still, there were notable diet variations across regions. Fish were more prevalent in the 
diets of VS in the central region (52%) compared to VS in the west (10.9%) or east (6%). 
Tunicates were exclusive to the diets of VS in the west and central regions (Figure 3a and 3b). 
Molluscs were more prevalent for VS in the east (27%) compared to VS in the west (10.7%) and 
central (4.2%) region. The dietary overlap between VS in the central and west was 60%. 
Similarly, the overlap between the central and east populations was 52%.  The west and east VS 























Figure 3. Percent mean number (%MN) of prey categories found in stomachs of red snapper 
(RS) and vermilion snapper (VS) sampled in the (a) west, (b) central, and (c) east regions 
between fall 2015 and spring 2017. Numbers of fish with identifiable gut content for each 




Diet by Size Group 
In the west, fish were the most abundant prey for small RS (<450 mm, n=4) and 
intermediate RS (450-549 mm, n=7; Figure 4a, Appendix Table D). Crab prey were present 
within all RS size groups but contributed little to the diets. There was little intraspecific variation 
of broad prey categories between small and intermediate RS, which was reflected by a high diet 
overlap of 94%. Large RS (≥550 mm, n=4) primarily consumed molluscs (54%), with Cavolinia 
sp. accounting for 30%. The diet overlaps of large RS with each other RS size group were all 
≤25%. Both VS size groups sampled in the west region consumed ≥48% zooplankton that 
consisted of ≥18% amphipods and ≥12% crab megalops (Figure 4b). Small VS (<300 mm, n=6) 
consumed more fish when compared by percent mean number. However, small VS and large VS 
(≥300 mm, n=8) consumed equal fish when compared by percent mean weight (Appendix Table 
E). High diet similarities are reflected by a dietary overlap of 80%. Molluscs (mostly Cavolinia 
sp.) were exclusive to small VS diet, while tunicates were exclusive to large VS.  
In the central region, fish and crab occurred in the diet of intermediate RS (n=3) and large 
RS (n=9; Figure 4c). The diet overlap between intermediate and large RS was 70%. Although 
both size groups diet consisted of approximately 31% molluscs, intermediate fish consumed only 
Cavolinia sp., while large fish consumed Cavolinia sp., Limacina sp., Clio sp. and Gastropoda 
(Appendix Table F). Zooplankton were prevalent in the gut contents of large RS, whereas 
intermediate RS consumed none. Fish and crab prey were found in the diet of small VS (n=4) 
and large VS (n=12) in the central region (Figure 4d). Molluscs, zooplankton, and tunicates were 
only found in the diet of large VS (Appendix Table G). The dietary overlap between small and 




Fish were the most important prey to the diet of large RS (n=4) caught in the east region 
(Figure 4e). Zooplankton and molluscs were the dominate prey in both small (n=8) and large 
(n=8) VS (Figure 4f). The diet overlap between the two VS size groups was 80%. There were 
some variations between their diet compositions. Zooplankton abundance decreased from small 
to large VS, while molluscs abundance increased in large VS (Appendix Table H). Fish prey 
were exclusive to large VS. 
Diet Overlap and Width  
In the west, interspecific diet overlap was greatest between small VS and large RS (Table 
3a), as both groups consumed molluscs and zooplankton. Fish prey comprised of a higher 
percentage of the diet in small VS (16.7%) than in large VS (6.7%). Accordingly, the diet 
overlap between small VS and RS size groups were greater than overlaps between large VS and 
RS size groups. Interspecific diet overlap was greatest overall in the central region (Table 3b), as 
crab and fish occurred in the diets in all size groups. Large VS and large RS had a high overlap 
of 78%. Comparatively, small VS and large RS had the greatest differences in diet, with an 
overlap of 53%. In the east, the dietary overlap between large VS and large RS was 20%. 
Table 3. Pianka’s overlap index comparing prey categories between red snapper (RS) and 
vermilion snapper (VS) size groups (mm FL) caught in (a) west and (b) central region. 
a. 
RS 
VS <450 450-549 ≥550 
<300 0.38 0.29 0.64 
≥300 0.17 0.17 0.25 
b. 
RS 
VS <450 450-549 ≥550 
<300 - 0.86 0.52 


























































































Figure 4. Percent mean number (%MN) of prey categories found in the gut contents of different 
size groups (mm FL) of (a) red snapper and (b) vermilion snapper caught in the west region, (c) 
red snapper and (d) vermilion snapper caught in the central region, and (e) red snapper and (f) 




Levin’s measure of standardized niche breadth indicated that RS had a greater diet width 
than VS in the west and central regions (Table 4). The diet width for both species were broader 
in the west (RS: 0.32, VS: 0.20) compared to the central region (RS: 0.30, VS: 0.10) and east 
region (RS: 0.05, VS: 0.12). In the west, RS and VS had a decreasing diet width with increasing 
size, whereas the diet widths increased with increasing size in the central region. Vermilion 
snapper in the east had an increasing diet width with increasing size.  
Table 4. Levin’s measure of standardized niche breadth for red snapper (RS) and vermilion 
snapper (VS) populations and size groups (mm FL) caught in each region. 
 West Central East 
RS 0.32 0.30 0.05 
<450 0.12 - - 
450-549 0.11 0.10 - 
≥550 0.07 0.20 0.05 
VS 0.20 0.10 0.12 
<300 0.15 0.01 0.06 
≥300 0.09 0.10 0.20 
 
Feeding Strategies  
 In the west and central regions, fish had the highest prey-specific abundance and 
frequency of occurrence in RS diets (Figure 5a and 5c). Prey categories of fish, crab, and 
molluscs most frequently occurred for both RS populations. Crab had a lower prey-specific 
occurrence in the central region relative to the west region (Figure 5c). In all VS populations, 
zooplankton had the highest prey-specific abundance and frequency of occurrence (Figure 5b, 
5d, and 5f). Molluscs were consumed by all VS populations, while fish were a dominant prey 
group in only the central region. Siphonophores of the family Diphyidae were found in VS 




specific abundance in the east region.  Most prey items for both species rarely occurred, either 
due to the small sample sizes and/or due to high individual niche variation.  




















































































Figure 5. Feeding strategies of (a) red snapper and (b) vermilion snapper in the west region, (c) 
red snapper and (d) vermilion snapper in the central region, and (f) vermilion snapper in the east 




Stable Isotopes by Population 
Red snapper mean ∆13C and ∆15N were greater than that of VS across all regions (Figure 
6a, 6b, and 6c). Red snapper had the greatest range of ∆15N values (Table 5a, 5b, and 5c). In the 
west region, VS had the greatest range of ∆13C values, while in the central and east regions, RS 
had the greatest range of ∆13C values. The Euclidean distance between RS and VS isotopic 
bivariate means (centroid) differed significantly from zero in the west (distance=1.3, p=0.001), 
central (distance=1.2, p=0.001), and east (distance=3.1, p=0.001) region. Yet in the west region, 
the mean distance to the centroid (MDC) and mean nearest neighbor distance (MNN) did not 
differ between the species (Table5a). Red snapper MDC and MNN values were significantly 
greater than those for VS in both the central (MDC: difference=0.31, p=0.05, MNN: 
difference=0.17, p=0.02) and east (MDC: difference=0.62, p=0.002, MNN: difference =0.27, 
p=0.03) regions. Eccentricity (ECC) was significantly greater for VS relative to RS in the west 
region (difference=0.24, p=0.05). In the central region, ∆13C and ∆15N values were linearly 
related for RS (ECC=0.85) and VS (0.83).  
Table 5. Summary of isotopic metrics of red snapper (RS) and vermilion snapper (VS) caught in 
(a) west, (b) central, and (c) east regions. CR=∆13C range; NR=∆15N range; MDC = mean 
distance to centroid; MNN=mean nearest neighbor distance; and ECC=eccentricity. Subscripted 




Species n (∆!"C$$$$$$, ∆!#N$$$$$$$ ) CR NR MDC MNN ECC 
RS 103 (0.49, 0.33)A 3.54 5.01 0.89A 0.17A 0.69A 
VS 42 (-0.53, -0.48)B 4.62 2.94 1.08A 0.17A 0.94B 
Species n (∆!"C$$$$$$, ∆!#N$$$$$$$) CR NR MDC MNN ECC 
RS 43 (0.47, 0.41)A 4.11 6.09 0.99A 0.33A 0.85A 
VS 41 (-0.49, -0.43)B 2.8 2.01 0.68B 0.15B 0.83A 
Species n (∆!"C$$$$$$, ∆!#N$$$$$$$) CR NR MDC MNN ECC 
RS 13 (1.68, 1.81)A 2.78 2.12 1.04A 0.37A 0.81A 




Red snapper had the greatest convex hull areas in the west, central, and east region 
(TA=11.8, 12.1, and 3.01‰2 respectively). Correspondingly, RS populations had the broadest 
core isotope niche width, with a Bayesian standard ellipse area (SEAB) of 1.62‰2 in the west 
region, 2.09‰2 in the central region, and 1.81‰2 in the east region. However, RS SEAB was not 
significantly greater than VS SEAB in the west (p=0.1; Figure 6a). In the central and east regions, 
RS and VS did differ in their SEAB (both p<0.001; Figure 6b and 6c). The west VS and RS 
showed similar SEAB credibility intervals, whereas RS in the central and east region showed far 
greater SEAB variability than VS (Table 6). The core isotopic niche overlap (CIO) between RS 
and VS was 10.1% in the west region and 10.8% in the central region. The impact of the overlap 
was greater on VS than RS in both regions. Red snapper and VS isotopic niche areas did not 
overlap in the east region. 
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Figure 6. Standard ellipse area (SEAC) and bivariate mean (centroid) for red snapper (red 





Table 6. Estimated isotopic niches (SEAc, SEAB; mean and 95% Bayesian credibility intervals 
for standard ellipse area) and convex hull total area (TA), core isotopic overlap (CIO) and 
overlap of the smallest area (OSA) for red snapper (RS) and vermilion snapper (VS) sampled in 
the west, central, and east regions. Subscripted letters indicate significantly different SEAB at 
a=0.05. 
 
There were minimal differences in the RS centroid position between the west and central 
region, whereas the RS centroid in the east was distinct in space (Figure 7a). The dispersion 
metrics were similar between RS populations (Appendix Table Ia). The isotopic niche width 
(SEAB) for RS in the east did not significantly differ from the west or central RS populations 
(Table 6). However, the east population exhibited the greatest SEAB variability. Red snapper in 
the central region showed the greatest SEAB (2.09‰2), which differed from SEAB in the west 
(p=0.05). The CIO between the two populations was 60%. 
The centroid position for VS was similar across regions (Figure 7b). However, there were 
distinct differences in isotopic dispersion. Vermilion snapper populations had significantly 
different MDC values, which decreased moving from the west to east (all p<0.02; Appendix 
Table Ib). Vermilion snapper ECC in the east was significantly smaller than in the west 
(distance=0.51, p=0.003) and central region (difference=0.4, p=0.004). The niche width of VS 
was greatest in the west (1.26‰2) and smallest in the east (0.34‰2). The SEAB for VS 
significantly differed across all regions (all p<0.01), where the niche width decreased from west 
Region Species N SEAC (‰2) SEAB (‰
2) TA (‰2) CIO (%) OSA (%) 
West      10.1 21.1 
 RS 103 1.62 1.59 (1.31-1.94)AB 11.8   
 VS 42 1.25 1.26 (0.95-1.75)B 5.5   
Central      10.8 36.7 
 RS 43 2.13 2.09 (1.57-2.87)C 12.1   
 VS 41 0.77 0.75 (0.56- 1.04)D 2.8   
East      0 0 
 RS 13 1.78 1.81 (0.91-2.83)AC 3.01   




to east. Vermilion snapper SEAB credibility intervals were similar in all regions. Populations in 
the west and central regions showed a high degree of overlap (CIO=60%) compared to VS in the 
central and east region (42%). 
 
Stable Isotopes by Size Group 
Neither RS nor VS showed a significant correlation between ∆13C and fork length in the 
central or east region (Figure 8b and 8c). In the west, there was a significant positive correlation 
between ∆13C values and fork length for RS (Pearson’s correlation: rp=0.48, t=5.5, df=101, 
p<0.001) and for VS (rp=0.57, t=4.5, df=40, p<0.001; Figure 8a). Neither species ∆15N and fork 
length values were correlated in the central region (Figure 8e). In the west, there was a 
significant negative correlation between ∆15N and fork length of RS (Spearman’s correlation: 



















Figure 7. Stable isotope plot showing standard ellipse area (SEAC) and bivariate mean (centroid) 
for (a) red snapper and (b) vermilion snapper sampled in the west (grey square), central (orange 




rs=-0.2, S=218689, p=0.04) and a positive correlation between ∆15N and fork length for VS 
(rs=0.61, S=4711, p<0.001; Figure 8d). The east region VS showed a significant negative 
correlation between ∆15N and fork length (rp=-0.79, t=-9.2863, df=50, p<0. 001; Figure 8f). 
 
In the west region, the Euclidean distance between isotopic centroids differed 
significantly from zero for contrast of small RS (<450 mm) with all other RS size groups (all 
p≤0.01; Figure 9a, Table 7a, Appendix Table Ja). However, mean ∆15N values and ∆15N ranges 
were similar between small and large (≥550 mm) RS. The centroid position of small RS did not 
differ from that of large or intermediate (450-549 mm) RS in the central region (Figure 9b, 
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Figure 9. Plots showing ∆13C versus fork length in the (a) west, (b) central, and (c) east regions 
and ∆15N versus fork length in the (d) west, (e) central, and (f) east regions for vermilion snapper 
(grey triangle) and red snapper (red circle). Significant correlations at a=0.05 are shown using 




were minimal between small and intermediate RS in both regions where they occurred. Large RS 
had greater ∆13C and ∆15N ranges relative to intermediate RS in both regions. Still, their centroid 
positions only differed in the central region (distance=0.81, p=0.01). Table 7b shows that large 
RS had a significantly greater MDC than the other size groups in the central region.  
Table 7. Summary of isotopic metrics for red snapper (RS) and vermilion snapper (VS) size 
groups (mm FL) caught in the (a) west, (b) central, and (c) east regions. (∆!"C$$$$$$, ∆!#N$$$$$$$ )=bivariate 
mean (centroid); CR=∆13C range; NR=∆15N range; MDC=mean distance to centroid; 
MNN=mean nearest neighbor distance; and ECC=eccentricity. Subscripted letters indicate 
significantly different groups at a=0.05. 
 
The centroid position of small (<300 mm) and large (≥300 mm) VS was significantly 
different in the west (distance=1.19, p=0.001) and east (distance=0.53, p=0.002), but not in the 
central region (distance=0.4, p=0.3; Figure 10a, 10b, and 10c). In the west and central region, 
mean ∆13C and ∆15N values were greater for large VS compared to small VS (Table 7a and 7b). 
In the east, large VS had a depleted mean ∆15N value relative to small VS, yet their mean ∆13C 
a.        
Size group n (∆!"C$$$$$$, ∆!#N$$$$$$$ ) CR NR MDC MNN ECC 
RS <450 37 (0.16, 0.59)A 2.15 4.56 0.94A 0.26AB 0.75A 
RS 450-549 47 (0.57, 0.07)BC 2.15 2.69 0.75 A 0.17AB 0.76A 
RS ≥550 20 (0.9, 0.49)C 2.81 4.69 0.90 A 0.42B 0.87A 
VS <300 26 (-0.91, -0.73)D 4.09 2.94 0.94 A 0.21A 0.91A 
VS ≥300 16 (0.09, -0.08)B 3.48 1.98 0.9 A 0.27AB 0.94A 
b.        
Size group n (∆!"C$$$$$$, ∆!#N$$$$$$$ ) CR NR MDC MNN ECC 
RS <450 7 (0.51, 0.43)AB 1.17 0.88 0.49A 0.26AB 0.47A 
RS 450-549 13 (0.17, -0.01)A 1.5 1.79 0.65 A 0.25AB 0.79A 
RS ≥550 23 (0.63, 0.65)B 4.11 6.12 1.33B 0.52B 0.86A 
VS <300 12 (-0.77, -0.49)C 2.03 2.01 0.59A 0.29AB 0.83A 
VS ≥300 29 (-0.38, -0.41)C 2.46 1.82 0.69A 0.17A 0.83A 
c.        
Size group n (∆!"C$$$$$$, ∆!#N$$$$$$$ ) CR NR MDC MNN ECC 
RS ≥550 13 (1.68, 1.82)A 2.7 2.12 1.04A 0.37A 0.81A 
VS <300 23 (-0.42, -0.16)B 1.31 1.1 0.37 B 0.14B 0.77A 




values were equal (Table 7c). In all regions, small and large VS showed similar isotopic 
dispersion (Table 7a, 7b, and 7c; Appendix Ja, Jb, and Jc).  
 
In the west region, the centroid for small VS significantly differed from the centroid  
positions of all RS size groups (all p=0.001), whereas the centroid position for large VS did not 
differ from intermediate RS (distance=0.51, p=0.06; Figure 10a, Table 7a, Appendix Table Ja). 
The MNN values significantly differed between small VS and large RS in the west 
(difference=0.21, p=0.04). In the central and east region, the centroid position of both VS size 
groups significantly differed from the centroid of all RS size groups (all p<0.002; Figure 10b and 
10c). In the central region, MNN values differed between large VS and large RS 
(difference=0.35, p=0.002; Table7b), but not between small VS and large RS (difference=0.22, 
p=0.2). In the central and east region, MDC significant differed for comparisons of both small 
and large VS with large RS (Table 7b and 7c). 
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Figure 10. Standard ellipse area (SEAC) for red snapper (RS) and vermilion snapper (VS) size 
groups (mm FL) sampled in the (a) west, (b) central, and (c) east regions. Bivariate means 




Large RS had a broad core isotope niche width in all regions (Figure 9, Table 8). In the 
central region, the SEAB for small (0.41‰2) and intermediate RS (0.65‰2) was significantly 
smaller than the SEAB for large RS (3.29‰2, both p<0.001). In the west region, small and large 
RS had equal niche widths (1.69‰2), while intermediate RS showed a significantly smaller 
SEAB (0.93‰2) than both RS size groups (both p<0.01). In the west, the greatest niche overlap 
occurred between large RS and intermediate RS (CIO=38.7%; Table 9a). In the central region, 
the niche of both small and intermediate RS was completely encompassed by the niche of large 
RS (both OSA=100%; Table 9b). The niche widths for small and large VS did not differ in any 
region (Figure 9a, 9b, and 9c, Table 8a, 8b, and 8c). The niche overlap between the groups was 
greater in the central region (CIO=35.5%) compared to the west region (22.5%; Table 9a and 
9b).  In the east region, small and large VS niche areas did not overlap.  
The isotopic niche widths of VS size groups were similar to the niche widths of RS size 
groups in the west region (Figure 10a, Table 8a). In the central region, the SEAB for VS size 
groups were similar to the SEAB of both small and intermediate RS (Figure 10b, Table 8b). In 
the central and east regions, large RS had a significantly greater SEAB than both VS size groups 
(all p<0.001). Generally, the niche overlap between VS and RS size groups was higher between 
successive length groups and low between distant size groups (Table 9a and 9b).  In the west, 
small VS slightly overlapped with small RS (CIO=2.5%) but did not overlap with intermediate 
or large RS, whereas large VS overlapped with all RS size groups but overlapped the least with 
large RS (14.2%). Similarly, the central region small VS somewhat overlapped with intermediate 
(CIO=4.7%) and large RS (3.4%), but large VS and intermediate RS had a niche overlap of 





Table 8. Estimated isotopic niches (SEAc, SEAB; mean and 95% Bayesian credibility intervals 
for standard ellipse area) and convex hull total area (TA) of red snapper (RS) and vermilion 
snapper (VS) size groups (mm FL) sampled in the (a) west, (b) central, and (c) east regions. 
Subscripted letters indicate significantly different SEAB at a=0.05. 
c. 
Size group n SEAC (‰2) SEAB (‰2) TA (‰2) 
RS ≥550 13 1.78 1.57 (0.89-2.92)A 3.01 
VS <300 23 0.24 0.23 (0.15-0.035)B 0.79 
VS ≥300 29 0.18 0.18 (0.12-0.25)B 0.67 
 
None of the RS size groups showed a significant difference in centroid position between 
the west and central regions (Figure 10a, 10b and 10c, Appendix Table K). Small RS in the west 
had a depleted mean ∆13C value (0.16‰) compared to small RS in the central region (0.51‰). 
The opposite trend was observed in intermediate RS, where the mean ∆13C value was greater in 
the west (0.57‰) compared to the central region (0.17‰). Large RS showed a significantly 
different centroid position in the east region compared to the west (distance=1.48, p=0.004) and 
central region (distance=1.5, p=0.002). Measures of dispersion did not differ significantly for 
any RS size groups across regions (Appendix Table K). 
a. 
Size group n SEAC (‰2) SEAB (‰2) TA (‰2) 
RS <450 37 1.69 1.69 (1.15-2.28)A 6.35 
RS 450-549 47 0.92 0.93 (0.67-1.19)B 3.4 
RS ≥550 20 1.63 1.69 (0.98-2.41)A 3.4 
VS <300 26 1.24 1.33 (0.84-1.85)AB 4.77 
VS ≥300 16 1.01 1.2 (0.64-1.79)AB 2.22 
b. 
Size group n SEAC (‰2) SEAB (‰2) TA (‰2) 
RS <450 7 0.55 0.41 (0.18-0.99)A 0.61 
RS 450-549 13 0.71 0.65 (0.35-1.16)A 1.26 
RS ≥550 23 3.37 3.29 (2.09-4.97)B 12.02 
VS <300 12 0.76 0.71 (0.38-1.29)A 1.72 




Table 9. Estimated core isotopic overlap (CIO) and overlap of the smallest area (OSA) for red 





Small RS showed a significantly greater SEAB (1.69‰2) in the west compared to in the 
central region (0.41‰2, p<0.01). Conversely, intermediate RS SEAB was not significantly 
different compared across the two regions. Large RS SEAB was significant greater in the central 
region (3.29‰2) compared to the west region (1.69‰2, p=0.001) and the east region (1.57‰2, 
p=0.02). Small RS in the central and west region had a CIO of 20% and an OSA of 67%. The 
SEAC overlap for intermediate RS in the west and central region was 20%, while the OSA was 
40%. Large RS in the west and central region had an overlapping SEAC of 35%, while 80% of 
the SEAC for the west region group was encompassed by the SEAC of the central region. Large 
RS SEAC in the east overlapped by 6% with the SEAC in the west region and 17% with the SEAC 
in the central region. 
Figure 10d and 10e shows that both small and large VS isotopic centroids shifted across 
region. The mean ∆13C and ∆15N for small VS became gradually enriched from west to east, 
whereas large VS mean ∆13C and ∆15N became depleted moving across this gradient. The 
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450-549 RS ≥550 
VS <300 22.5 2.8 0 0 41 6.5 0 0 
VS ≥300  22 28.9 14.2  48 46.9 32.7 
RS <450   16.8 7.5   40.1 14.2 
RS 450-549    38.7    77.2 
 CIO(%) OSA(%) 










450-549 RS ≥550 
VS <300 38 0 4.8 3.4 60 0 9.4 17.6 
VS ≥300  0 26.3 1.1  0 43.7 53.7 
RS <450   20.2 16.4   38.2 100 




centroid position of small VS significantly differed between the west and east regions 
(distance=0.76, p=0.001), but did not differ between the west and central regions (distance=0.28, 
p=0.4). Correspondingly, the MDC significantly differed between the west and east regions 
(difference =0.56, p=0.001), but did not differ between the west and central region 
(difference=0.28, p=0.4). Small VS MNN values were consistent across regions (Appendix 
Table L). For large VS, centroid positions differed significantly between the west with both the 
central (distance=0.57, p=0.007) and east region (distance=0.79, p=0.001), but did not differ 
between the central and east regions (distance=0.28, p=0.1). The MDC, MNN, and ECC values 
gradually increased from west to east for large VS (Table 7a, 7b, and 7c). There were significant 
differences between all pairwise comparisons of MDC between regions, while MNN did not 
significantly differ (Appendix Table L). The ECC for large VS significantly differed between the 
east and each other region. 
Small VS had broadest niche width in the west region (1.33‰2) and the smallest in the 
east region (0.23‰2). The east groups SEAB was different than the groups SEAB in the west and 
central region (both p<0.001). Small VS in the west and central region had a more similar 
isotopic niche, with a SEAC overlap of 46%. The overlap impact was greater on the central 
region group (OSA=83%), which had the smaller SEAC (0.71‰2). Small VS between the east 
and central region showed a SEAC overlap of 24% and an OSA of 82%. The niche areas were 
most distinct in isotope space between the east and west region (CIO=10%). The overlap impact 
was greater on the small VS in the east region (OSA=52%). Like small VS, large VS exhibited a 
gradually decreasing SEAB from the west (1.2‰2), to the central (0.75‰2), and then to the east 
region (0.18‰2). The niche widths did not significantly differ between the west and central 




west and central region had a CIO of 43% and OSA of 70%. The CIO was smaller between the 
east region with both the central (17%) and west regions (5%). The east SEAC was 75% 
encompassed by the central SEAC, while only 31% encompassed the west region SEAC.  
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Figure 11. Standard ellipse area (SEAC) for red snapper size groups (a) <450 mm FL, (b) 450-
549 mm FL, and (c) ≥550 mm FL and vermilion snapper size groups (d) <300 mm FL and (e) 
≥300 mm FL sampled in the west (grey square), central (red circle), and east (dark red triangle) 





Red snapper and vermilion snapper on the shelf-edge banks in the GOM relied heavily 
upon similar prey types and displayed isotopic niche overlap, supporting the notion that their 
diets overlap (Davis et al. 2015). Niche partitioning between the species was evident in all 
regions, as the magnitude of consumption across prey categories differed and the average 
isotopic niche positions were distinctive. Red snapper predominantly consumed fish, whereas 
vermilion snapper predominantly consumed zooplankton, indicating a difference in feeding 
strategy. Yet both species had a generalist population diet with some specialized individuals, 
which is characteristic of opportunistic feeding. Red and vermilion snapper exhibited ontogenetic 
niche shifts; however, ontogenetic trends were not consistent across species or regions. 
Generally, large vermilion snapper displayed greater niche overlap with red snapper compared to 
small vermilion snapper. Lastly, regional differences in dietary niches is likely a result of 
variations in prey availability and intra- and interspecific interactions (Schoener 1974, Werner 
and Gilliam 1984). 
Dietary overlap was apparent in this study, despite the small sample size of red and 
vermilion snapper gut contents. Red and vermilion snapper shared five of the seven broad prey 
categories, as well as specific species of pteropods and one species of fish. The primary 
difference between these two species’ diets was the predominance of fish and zooplankton. Red 
snapper diets were similar to reports from the northwestern GOM identifying fish as a primary 
prey type (Simonsen et al. 2015, Schwartzkopf et al. 2017). Vermilion snapper are also known to 
consume small fish (Johnson et al. 2010), which is in agreement with the current study. 
However, the majority of fish found in vermilion snapper diets were consumed in the central 




findings of other reports from the GOM that indicate amphipods as the primary prey type for 
vermilion snapper (Johnson et al. 2010, Davis et al. 2015). Feeding differences between the 
species were further reflected by distinct isotope niche positions and a low overlap of the 
isotopic niche ellipses suggesting niche partitioning over a long time period. The niche 
relationship between the species showed spatial consistency, as the Euclidean distance between 
isotopic niche positions and the isotopic niche overlap was alike at the west and central region.  
 Similarities in feeding strategy were apparent for red snapper and vermilion snapper. The 
majority of the prey items found in diets of both species had a low frequency of occurrence and 
high prey-specific abundance, supporting the notion that individuals opportunistically feed on 
available prey (McCawley and Cowan 2007, Davis et al. 2015). Additionally, size-specific 
isotope niche metrics (SEAB, MDC, MNN) were similar across species, with the exception of 
large red snapper that showed greater trophic diversity than vermilion snapper in the central and 
east region. Since red snapper are known to have a generalist feeding strategy (Gallaway et al. 
2009), it is probable that vermilion snapper are generalist feeders as well. This is consistent with 
Thomas and Cahoon (1993) that describe vermilion snapper as having a broad isotopic niche. 
Variations in feeding strategies between the species were also evident. Vermilion snapper 
exhibited lower ∆13C and ∆15N values relative to red snapper across all size groups and regions, 
which is indicative of greater pelagic feeding on lower trophic level prey (Fry 2006). The lower 
∆15N values observed for vermilion snapper correspond to the greater predominance of 
zooplankton consumed, while the greater ∆15N values for red snapper correspond to the greater 
predominance of fish and crabs. This niche partitioning is an indicator of the presence of 




Ontogenetic shifts in red snapper and vermilion snapper diets were apparent through 
stable isotope results but were inconclusive based on gut content data, which comprised of 
inadequate sample sizes that were likely not fully representative of the diets. For vermilion 
snapper in the west region, isotope values shifted from pelagic (more negative ∆13C) to more 
benthic feeding (more positive ∆13C) with increasing body size. A similar relationship occurred 
between ∆15N and body size. This shift is consistent with a transition from feeding on small 
pelagic invertebrates to benthic associated fish and as gape size increases. Other vermilion 
snapper diet studies using gut content data have indicated an increase in fish consumption with 
increasing size (Grimes 1979, Sedberry and Cuellar 1993). However, those studies described the 
diet shifts from settlement to early life (0 to 200 mm FL), when high growth rates necessitate 
significant changes in resource use (Boecklen et al. 2011). Vermilion snapper in this study 
ranged from 184 to 440 mm FL, so juveniles were not included in the sample. Furthermore, this 
ontogenetic shift was not consistent across regions. In the east region small (<300 mm) and large 
(≥300 mm) vermilion snapper had alike ∆13C values, while ∆15N decreased with increasing size. 
And in the central region there was no clear ontogenetic shift, indicating both small and large 
mature vermilion snapper opportunistically consume alike trophic level prey. 
Like vermilion snapper, ontogenetic shifts for red snapper based on stable isotope data 
were not consistent across regions. In the west, red snapper shifted to more benthic carbon 
sources with increasing size, while in the central region, small (<450 mm) and large (≥550 mm) 
red snapper had similar mean ∆13C values. In all regions, small and large red snapper exhibited 
similar ∆15N values indicating the presence of alike trophic level prey in their diets. Others have 
reported shifts to higher trophic positions with increasing size (Bradley and Bryan 1975, Wells et 




in the present study ranged from 308 to 804 mm FL. Tarnecki and Patterson (2015) and Dance et 
al. (2017) identified ontogenetic shifts for red snapper of comparable size ranges. Tarnecki and 
Patterson (2015) show a weak negative relationship between d15N values and size, and no 
relationship between ∆13C values and fish size. Dance et al. (2017) suggest mostly positive 
correlations between δ13C and δ15N values and fish size, except in one region where larger 
individuals consumed a greater proportion of lower trophic level prey. The extent of variation in 
ontogenetic niche shifts identified herein and in other reports support the notion that ontogeny is 
not fixed but rather it is determined by local biotic and abiotic environmental conditions such as 
competitive interaction, prey availability, and predation risk (Werner 1986, Galarowicsz et al. 
2006). Niche shifts can maximize growth rates and increase chances of survival (Werner 1986, 
Walter 1991). Similarly, ontogenetic dietary shifts can increase niche partitioning and thus 
promote coexistence between sympatric species (Persson 1998, Nakazawa 2015).  
 Isotope niche overlap was greater between large vermilion snapper and red snapper 
relative to small vermilion snapper and red snapper, which may place the two groups in direct 
competition for diet resources. Davis et al. (2015) proposed that red and vermilion snapper 
exhibit indirect interactions through competition over shared dietary resources. If competition 
occurs between the species, and the degree dietary overlap reflects the amount of interspecific 
competition (Pianka 1994), it is possible that competition is maximized between heterospecific 
individuals of comparable sizes.  
 Red snapper exhibited trophic plasticity across regions, whereas vermilion had a more 
variable trophic niche (as evident by stable isotope analysis). Both species demonstrated regional 
consistency in isotope niche positions. However, regional variations in SEAB, MDC, and MNN 




from the west to the east region. In other words, vermilion snapper became increasingly 
specialized, leading to a narrowing of their dietary niche. High interspecific competition can lead 
to increases in population specialization, and thus increased niche partitioning between species 
(Svanbäck and Bolnick 2006). However, regional variations in niche diversity need not be a 
consequence of competition. Other reasons for this shift could be physiological restraints to 
physical-chemical variables, predation risk, and natural variability in prey abundance (Ross 
1991). Unfortunately, the present study cannot distinguish between these variables. Nevertheless, 
other studies have speculated that red snapper, which is considered a dominate species, could 
outcompete vermilion snapper, forcing vermilion snapper to increase consumption of usually 
undesirable prey (Johnson et al. 2010, Davis et al. 2015).  
While both species’ average isotopic niche positions were consistent across regions, size 
groups showed regional niche position shifts. For red snapper, regional variations in niche 
position for small and intermediate red snapper were less pronounced than the niche position 
variations observed for vermilion snapper size groups. The distinct niche position for large red 
snapper in the east region relative to the west and central regions reflects a greater diet 
contribution from benthic carbon and greater proportion of higher trophic level prey. For 
vermilion snapper, intraspecific niche shifts were most pronounced between the west and east 
region. Small vermilion snapper ∆13C and ∆15N values linearly increased from west to east, while 
large vermilion snapper ∆13C and ∆15N values linearly decreased from west to east. Although it 
is unclear as to the basis of these trends, it does appear that small and large vermilion snapper 
switch niche positions at the west and east region. Regional differences in isotope niche positions 
are likely caused by a combination of environmental factors such as crest depth and 




structure (Dennis and Bright 1988). Although I was unable to test these factors, reef structure 
and complexity varied across the region (Dennis and Bright 1988) and likely resulted in niche 





The competitive exclusion theory suggests that two species with identical niches cannot 
coexist (Hardin 1960). Therefore, a separation in resources between species can be a way to 
reduce competition (Schoener 1974). Other studies have suggested that coexisting red snapper 
and vermilion snapper compete for prey resources (Johnson et al 2010, Davis et al. 2015). Davis 
et al. (2015) identified high dietary overlap in single species conditions and low dietary overlap 
where red and vermilion snapper co-occurred, which could be evidence of niche partitioning and 
interspecific competition. The present study demonstrates that red snapper and vermilion snapper 
exhibit some degree of niche partitioning. Additionally, this study identified intraspecific niche 
variations within and across regions, which may be a consequence of competition. This study 
does not explicitly identify competitive interactions since a number of other conditions must be 
met. However, evidence of dietary overlap and niche partitioning warrants further research. 
Although previous reviews of reef fish competition described better ways to determine the 
existence of competition, including manipulative experiments in the field, comparison of 
resource use is the most practical because of its ease of use (Hixon 2006). Advancing the 
understanding of interactions between red snapper and vermillion snapper will require 
experimental research on how these two species partition dietary and habitat resources at finer 
scales. Anthropogenic events such as overfishing and habitat alterations can have drastic 
implications for species interactions and community compositions (Olden et al. 2004, Myers and 
Worm 2003, van de Wolfshaar et al.2012). A more holistic understanding of the existing 
interactions can be used to predict these ecosystem fluctuations, and can therefore assist fisheries 





Table A. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean 
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of red snapper (RS) and vermilion snapper (VS), 
sampled in the west region from fall 2015 through spring 2017. 
(table cont’d.) 
 
RS VS  
%O %N %W %MW %MN %O %N %W %MW %MN 
Crab 22.9 16.2 12.0 17.1 18.9      
Unidentified 18.4 13.0 5.5 10.7 15.6      
Micropanope sculptipes 4.5 3.2 6.5 6.5 3.3      
Fish 40.7 29.0 82.4 58.1 48.9 11.5 2.4 33.3 16.3 10.9 
Unidentified 13.6 9.7 18.9 20.0 16.7 11.5 2.4 33.3 16.3 10.9 
Ariomma bondi 9.1 6.5 10.4 13.2 10.0      
Calamus sp. 4.5 3.2 32.0 6.7 6.7      
Holocentrus adscensionis 4.5 3.2 4.5 6.7 6.7      
Mulloidichthys martinicus 4.5 3.2 6.1 4.9 2.2      
Trachurus lathami 4.5 3.2 10.5 6.7 6.7      
Mollusca 18.1 29.0 4.1 15.2 16.7 15.3 6.4 10.6 12.4 10.7 
Cavolinia sp. 9.1 22.6 0.3 6.6 8.9 7.7 4.8 0.3 7.2 9.5 
Gastropoda      3.8 0.8 0.0 1.4 0.4 
Diacria sp. 4.5 3.2 0.0 1.9 1.1      
Loliginidae 4.5 3.2 3.8 6.7 6.7 3.8 0.8 10.2 3.8 0.8 
Zooplankton 4.5 16.1 0.0 4.8 5.5 50.0 80.7 5.9 34.7 50.4 
Amphipoda      15.4 12.9 0.2 15.8 20.8 
Ostracoda      3.8 3.2 0.0 1.6 1.7 
Crab megalopa      7.7 55.6 4.9 13.9 14.1 
Diphyidae      7.7 2.4 0.1 0.2 6.5 






Table B. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean 
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of red snapper (RS) and vermilion snapper (VS) 
sampled in the central region from fall 2015 through spring 2017.  
RS VS  
%O %N %W %MW %MN %O %N %W %MW %MN 
Crab 21.6 3.4 22.8 16.0 12.2 7.4 3.7 7.1 12 9.3 
Unidentified 13.0 2.0 11.4 10.0 8.2 7.4 3.7 7.1 12 9.3 
Euoratodes agassizii 4.3 0.7 1.5 2.0 3.8      
Calappidae 4.3 0.7 9.9 4.0 0.2      
Fish 25.9 19.7 41.1 41.0 35.4 37.0 26.0 83.9 61.2 52.7 
Unidentified 8.7 1.3 11.2 13.0 9.0 29.6 16.7 60.2 49.6 45.8 
Apogon pseudomaculatus 4.3 2.6 2.5 8.0 7.6 3.7 1.9 2.2 5.4 0.7 
Bregamaceros cantori 4.3 14.4 9.9 7.0 7.4      
Etrumeus sadina 4.3 0.7 14.0 8.0 7.7      
Hoplunnis macrurus 4.3 0.7 3.5 5.0 3.8      
Serranus atrobranchus      3.7 7.4 21.5 6.3 6.3 
Mollusca 26.0 37.3 3.1 21.5 29.5 14.8 13.0 0.5 2.1 4.2 
(table cont’d.) 
 RS VS 
 %O %N %W %MW %MN %O %N %W %MW %MN 
Decapoda      7.7 2.4 0.3 0.4 3.8 
Tunicate      15.4 8.9 23.2 26.0 23.5 
Stomatopoda 9.3 6.5 0.4 0.4 6.0      
Algae 4.5 3.2 1.1 4.4 3.3 7.8 1.6 27.1 10.0 4.4 
Number of fish 38.0 24.0 
Number of stomachs with content 15.0 14.0 





Table C. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean  
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of red snapper (RS) and vermilion snapper (VS) 
sampled in the east region from fall 2015 through spring 2017. 
 RS VS 
 %O %N %W %MW %MN %O %N %W %MW %MN 
Fish 75.0 75.0 85.1 75.0 75.0 4.0 2.0 77.8 6.3 6.3 
Unidentified 50.0 50.0 44.5 50.0 50.0 4.0 2.0 77.8 6.3 6.3 
Stellifer sp.  25.0 25.0 40.6 25.0 25.0      
Mollusca      28.0 24.4 17.2 25.1 27.0 
 
(table cont’d.) 
 RS VS 
 %O %N %W %MW %MN %O %N %W %MW %MN 
Cavolinia sp. 8.7 30.7 2.9 1 8.4 7.4 7.4 0.3 1.7 2.2 
Gastropoda 4.3 1.3 0.0 0.5 5.1      
Clio sp. 8.7 2.0 0.1 20 15.4 3.7 1.9 0.0 0.0 0.7 
Diacria sp.      3.7 3.7 0.2 0.4 1.3 
Limacina sp. 4.3 3.3 0.1 0 0.6      
Zooplankton 17.3 38.6 1.8 7.2 19.5 37.0 51.7 2.5 18 27.3 
Amphipoda 4.3 0.7 0.2 0.2 1.5 11.1 22.3 1.7 10.6 10.0 
Crab megalopa 13.0 37.9 1.6 7 18 11.1 14.5 0.7 6.6 9.6 
Euphausiacea      11.1 13.0 0.1 0.8 6.5 
Decapoda      3.7 1.9 0.0 0.0 1.3 
Tunicate      3.7 5.6 5.9 6.3 6.3 
Algae 8.7 1.3 31.2 14 2.6      
Number of fish 24 19 
Number of stomachs with content 13 16 




 RS VS 
 %O %N %W %MW %MN %O %N %W %MW %MN 
Cavolinia sp.       4.0 6.1 0.1 2.2 3.0 
Gastropoda      8.0 6.1 4.1 9.0 8.0 
Clio sp.      8.0 6.1 0.1 7.0 8.0 
Diacria sp.      4.0 4.1 0.0 0.9 2.0 
Octopus vulgaris      4.0 2.0 12.9 6.0 6.0 
Zooplankton      64.0 71.3 4.4 65.0 64.6 
Amphipoda      24.0 32.6 2.3 25.0 25.0 
Crab megalope      4.0 2.0 0.1 2.0 2.0 
Diphyidae      28.0 30.6 1.7 34.0 32.5 
Euphausiacea      8.0 6.1 0.3 4.0 5.0 
Stomatopoda      4.0 2.0 0.4 1.2 0.9 
Algae 25.0 25.0 14.9 25.0 25.0      
Number of fish 5.0 21.0 
Number of stomachs with content 4.0 16.0 
Empty stomachs (%) 20.0 23.8 
 
Table D. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean  
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of red snapper size groups sampled in the west 
region from fall 2015 through spring 2017. 
 <450 450-549 ≥500 
 %O %N %W %MW %MN %O %N %W %MW %MN %O %N %W %MW %MN 
Crab 28.6 28.6 5.9 14.9 20.8 20.0 20.0 13.8 14.3 14.3 20.0 7.1 39.8 25.0 25.0 
Unidentified 28.6 28.6 5.90 14.90 20.80 10.0 10.0 0.1 0.5 7.1 20.0 7.1 39.8 25.0 25.0 
Micropanope 
sculptipes 





 <450 450-549 ≥500 
 %O %N %W %MW %MN %W %O %N %MW %MN %N %W %O %MW %MN 
Fish 42.8 42.8 91.7 68.4 58.0 60.0 60.0 85.4 83.9 71.1      
Unidentified       30.0 30.0 39.7 42.0 35.7      
Ariomma 
bondi 14.2 14.2 8.10 25.0 25.0 10.0 10.0 14.1 13.9 7.1      
Calamus sp. 14.3 14.3 70.3 25.0 25.0           
Holocentrus 
adscensionis 
     10.0 10.0 9.5 14.0 14.3      
Mulloidichthy
s martinicus 14.3 14.3 13.3 18.4 8.0 
          
Trachurus 
lathami 
     10.0 10.0 22.1 14.0 14.0      
Mollusca 14.3 14.3 0.0 0.0 8.2      60.0 57.1 59.8 57.1 54.1 
Cavolinia sp.  14.3 14.3 0.01 0.02 8.2      20.0 42.9 3.9 25.0 25.0 
Diacria sp.           20.0 7.1 0.2 7.1 4.1 
Loliginidae           20.0 7.1 55.7 25.0 25.0 
Zooplankton           20.0 35.8 0.4 17.8 21.0 
Euphausiacea           20.0 35.8 0.4 17.8 21.0 
Stomatopoda      20.0 20.0 0.8 0.7 14.3      
Algae 14.3 14.3 2.4 16.6 12.5           




4.0 7.0 4.0 
Empty 






Table E. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean  
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of vermilion snapper size groups sampled in the 
west region from fall 2015 through spring 2017. 
 
 <300 ≥300 
 %O %N %W %MW %MN %O %N %W %MW %MN 
Fish 9.1 4.2 46.2 16.7 16.7 13.2 2.0 22.8 16.0 6.7 
Unidentified  9.1 4.2 46.2 16.7 16.7 13.2 2.0 22.8 16.0 6.7 
Mollusca 27.2 29.2 23.8 25.5 24.0 6.7 1.0 0.1 2.5 0.7 
Cavolinia sp.  18.1 25.0 0.7 16.7 22.2      
Gastropoda      6.7 1.0 0.1 2.5 0.7 
Loliginidae 9.1 4.2 23.1 8.8 1.8      
Zooplankton 45.4 54.0 2.3 34.2 48.0 53.4 87.0 8.5 34.9 50.4 
Amphipoda 18.1 25.0 0.2 16.7 24.0 13.3 10.0 0.2 15.1 18.0 
Ostracoda      6.7 4.0 0.1 2.7 2.9 
Crab megalope 9.1 20.6 1.7 16.7 16.0 6.7 64.0 7.5 11.7 12.0 
Diphyidae 9.1 4.2 0.2 0.4 4.0 6.7 2.0 0.1 0.1 8.0 
Euphausiacea 9.1 4.2 0.2 0.5 4.0 6.7 4.0 0.1 4.6 2.9 
Decapoda      13.3 3.0 0.5 0.7 6.6 
Tunicate 9.2 8.4 7.5 15.8 8.0 20.0 9.0 36.0 33.8 35.0 
Algae 9.1 4.2 20.2 7.7 1.8 6.7 1.0 32.6 12.4 6.0 
Number of fish 13.0 12.0 
Number of stomachs with content 6.0 8.0 




Table F. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean  
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of red snapper size groups sampled in the central 
region from fall 2015 through spring 2017. * Size groups with only one individual with stomach content were taken out of further size 
group data analyses.  
 <450 450-549 ≥500 
 %O %N %W %MW %MN %O %N %W %MW %MN %O %N %W %MW %MN 
Crab 50.0 50.0 29.5 30.0 50.0 49.9 4.7 38.3 29.2 3.1 6.7 1.1 9.4 11.1 11.1 
Unidentified      33.2 3.1 15.2 11.7 2.2 6.7 1.1 9.4 11.1 11.1 
Euoratodes  
agassizii 50.0 50.0 29.5 30.0 50.0 
          
Calappidae      16.7 1.6 23.1 17.5 0.8      
Fish 50.0 50.0 70.5 70.0 50.0 33.4 36.0 55.8 66.1 65.2 19.9 6.9 26.1 33.0 24.4 
Unidentified            13.2 2.3 21.4 21.9 13.3 
Apogon  
pseudomaculatus      
     6.7 4.6 4.7 11.1 11.1 
Bregamaceros  
cantori      16.7 34.4 23.1 32.8 31.9 
     
Etrumeus sadina      16.7 1.6 32.7 33.3 33.3      
Hoplunnis  
macrurus 50.0 50.0 70.5 70.0 50.0 
          
Mollusca      16.7 59.3 5.9 4.4 31.0 33.4 21.8 0.9 23.0 32.1 
Cavolinia sp.       16.7 59.3 5.9 4.4 31.0 6.7 10.3 0.6 0.1 1.6 
Gastropoda           6.7 2.4 0.0 0.7 7.4 
Clio sp.           13.3 3.4 0.2 22.2 22.2 
Limacina sp.           6.7 5.7 0.1 0.0 0.9 
Zooplankton           26.7 67.8 3.5 11.8 28.5 
Amphipoda           6.7 1.1 0.5 0.2 2.2 
Crab megalope           20.0 66.7 3.0 11.6 26.2 
Algae           13.3 2.4 60.0 20.8 3.9 
Number of fish 2 6 16 
Number of stomachs  
with content 1* 3 9 




Table G. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean  
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of vermilion snapper size groups sampled in the 
central region from fall 2015 through spring 2017.  
 <300 ≥300 
 %O %N %W %MW %MN %O %N %W %MW %MN 
Crab 25.0 20.0 14.4 25.0 25.0 4.3 2.0 3.1 8.0 4.0 
Unidentified 25.0 20.0 14.4 25.0 25.0 4.3 2.0 3.1 8.0 4.0 
Fish 75.0 80.0 85.6 75.0 75.0 30.3 20.5 83.0 56.5 46.0 
Unidentified Fish 75.0 80.0 85.6 75.0 75.0 21.7 10.2 45.9 41.0 35.0 
Apogon pseudomaculatus      4.3 2.1 3.5 7.2 1.0 
Serranus atrobranchus      4.3 8.2 33.6 8.3 10.0 
Mollusca      17.5 14.3 0.7 2.9 6.0 
Cavolinia sp.       8.9 8.1 0.5 2.3 3.0 
Clio sp.      4.3 2.1 0.0 0.1 1.0 
Diacria sp.      4.3 4.1 0.2 0.5 2.0 
Zooplankton      43.6 57.1 4.0 24.0 34.0 
Amphipoda      13.1 24.5 2.7 14.0 13.0 
Crab megalope      13.1 16.3 1.1 9.0 10.0 
Euphausiacea      13.1 14.3 0.2 1.0 9.0 
Decapoda      4.3 2.0 0.0 0.0 2.0 
Tunicate      4.3 6.1 9.2 8.0 10.0 
Number of fish 5 14 
Number of stomachs with content 4 12 






Table H. Frequency of prey occurrence (%O), diet composition by number (%N), diet composition by weight (%W), percent mean  
weight (%MW), and percent mean number (%MN) of prey items found in the stomach of red snapper ≥ 500 mm and vermilion snapper 
size groups sampled in the east region from fall 2015 through spring 2017. 
 RS ≥500 VS <300 VS ≥300 
 %O %N %W %MW %MN %O %N %W %MW %MN %O %N %W %MW %MN 
Fish 75.0 75.0 85.1 75.0 75.0      8.3 4.8 84.0 12.0 12.0 
Unidentified  50.0 50.0 44.5 50.0 50.0      8.3 4.8 84.0 12.0 12.0 
Stellifer sp. 25.0 25.0 40.6 25.0 25.0           
Mollusca      23.0 17.8 56.2 19.8 20.0 33.3 33.4 14.2 24.0 35.4 
Cavolinia sp.           8.3 14.3 0.1 4.0 6.3 
Gastropoda      15.3 10.7 55.6 18.0 16.0      
Clio sp.           16.7 14.3 0.1 10.0 16.7 
Diacria sp.      7.7 7.1 0.6 1.8 4.0      
Octopus vulgaris           8.3 4.8 14.0 10.0 12.5 
Zooplankton      69.3 78.6 38.0 77.7 76.7 58.4 61.8 1.8 64.0 52.0 
Amphipoda      23.1 35.7 26.3 24.6 26.0 25.1 28.6 0.4 30.0 23.9 
Crab megalope           8.3 4.8 0.1 4.0 4.2 
Diphyidae      38.5 39.3 11.3 52.9 49.0 16.7 19.0 0.9 20.0 15.6 
Euphausiacea      7.7 3.6 0.4 0.2 1.7 8.3 9.4 0.4 10.0 8.3 
Stomatopoda      7.7 3.6 5.8 2.0 1.7      
Algae 25.0 25.0 14.9 25.0 25.0           
Number of fish 5.0 9.0 12.0 
Number of stomachs  
with content 4.0 8.0 8.0 





Table I. Statistical comparisons of centroid location and dispersion metrics for (a) red snapper (RS) and (b) vermilion snapper (VS) 
caught in the west, central, and east regions. Centroid(I)-Centroid(J)=absolute difference in distance between group centroids as a test 
statistic; MDC(I)-MDC(J)=absolute value of difference in mean distance to centroid between groups as a test statistic. MNN(I)-
MNN(J)=absolute value of difference of mean nearest neighbor distance between groups as a test statistic. ECC(I)-ECC(J)=absolute 
value of the difference in eccentricity between groups as a test static. The observed test statistics were compared to null distributions 
obtained from 9999 random permutations of residuals from reduced linear models. The rank percentile of observed differences between 












RS West 103          
  RS Central 0.08 0.8 0.1 0.5 0.15 0.09 0.15 0.3 
  RS East 1.91 0.001* 0.18 0.5 0.21 0.6 0.13 0.5 
RS Central 43          
  RS East 1.86 0.001* 0.07 0.7 0.06 0.8 0.02 0.9 
RS East 13          









VS West 42          
  VS Central 0.06 0.8 0.41 0.001* 0.02 0.5 0.11 0.07 
  VS East 0.11 0.5 0.66 0.002* 0.07 0.02* 0.51 0.003* 
VS Central 41          
  VS East 0.08 0.7 0.25 0.02* 0.05 0.1 0..40 0.004* 




Table J. Statistical comparisons of centroid location and dispersion metrics comparison for red snapper (RS) and vermilion snapper (VS) 
size groups (mm FL) caught in (a.) west (b.) central and (c.) east regions. Centroid(I)-Centroid(J)= absolute difference in distance 
between group centroids as a test statistic; MDC(I)-MDC(J)=absolute value of difference in mean distance to centroid between groups 
as a test statistic. MNN(I)-MNN(J)=absolute value of difference of mean nearest neighbor distance between groups as a test statistic. 
ECC(I)-ECC(J)=absolute value of the difference in eccentricity between groups as a test static. The observed test statistics were 
compared to null distributions obtained from 9999 random permutations of residuals from reduced linear models. The rank percentile 




















RS <450 37          
  RS 450- 549 0.65 0.002* 0.19 0.2 0.09 0.1 0.02 0.9 
  RS ≥550 0.74 0.001* 0.04 0.8 0.15 0.2 0.12 0.5 
  VS <300 1.7 0.001* 0.01 0.9 0.05 0.5 0.16 0.3 
  VS ≥300 0.67 0.01* 0.04 0.8 0.01 0.9 0.19 0.2 
RS 450-
549 47          
  RS ≥550 0.53 0.06 0.14 0.5 0.24 0.06 0.11 0.5 
  VS <300 1.69 0.001* 0.18 0.3 0.03 0.7 0.15 0.3 
  VS ≥300 0.51 0.06 0.24 0.3 0.11 0.7 0.17 0.3 
RS ≥550 20          
  VS <300 2.2 0.001* 0.03 0.8 0.21 0.04* 0.03 0.8 
  VS ≥300 0.99 0.002* 0.09 0.7 0.14 0.3 0.07 0.7 
VS <300 26          
  VS ≥300 1.19 0.001* 0.05 0.8 0.06 0.6 0.03 0.8 














RS <450 7          
  RS 450-549 0.55 0.3 0.16 0.6 0.01 0.9 0.31 0.1 
  RS ≥550 0.35 0.7 0.84 0.02* 0.25 0.3 0.38 0.06 
  VS <300 1.58 0.003* 0.1 0.8 0.03 0.9 0.35 0.1 
  VS ≥300 1.23 0.008* 0.21 0.5 0.09 0.7 0.35 0.06 
RS 450-
549 13          
  RS ≥550 0.81 0.01* 0.68 0.01* 0.26 0.2 0.07 0.6 
  VS <300 1.06 0.01* 0.06 .8 0.04 0.8 0.04 0.8 
  VS ≥300 0.68 0.04* 0.04 .8 0.08 0.5 0.03 0.8 
RS ≥550 23          
  VS <300 1.81 0.001* 0.74 0.01* 0.22 0.2 0.02 0.8 
  VS ≥300 1.47 0.001* 0.64 0.002* 0.35 0.002* 0.03 0.8 
VS <300 12          
  VS ≥300 0.4 0.3 0.1 0.7 0.12 0.4 0.003 0.9 
VS ≥300 29          







RS ≥550 13          
  VS <300 2.88 0.001* 0.67 0.001* 0.23 0.2 0.03* 0.8 
  VS ≥300 3.27 0.001* 0.75 0.002* 0.26 0.01* 0.22 0.1 
VS <300 23          
  VS ≥300 0.53 0.002* 0.08 0.4 0.03 0.6 0.19 0.1 




Table K. Statistical comparisons of centroid location and dispersion metrics for red snapper (RS) size groups (mm) caught in west central 
and east regions. Centroid(I)-Centroid(J)= absolute difference in distance between group centroids as a test statistic; MDC(I)-
MDC(J)=absolute value of difference in mean distance to centroid between groups as a test statistic. MNN(I)-MNN(J)=absolute value 
of difference of mean nearest neighbor distance between groups as a test statistic. ECC(I)-ECC(J)=absolute value of the difference in 
eccentricity between groups as a test static. The observed test statistics were compared to null distributions obtained from 9999 random 
permutations of residuals from reduced linear models. The rank percentile of observed differences between groups was used as P-value 
to test the null hypothesis (Turner 2010). * indicates significant difference at a=0.05. 
















West          
 RS <450 Central 0.37 0.5 0.45 0.1 0.002 0.9 0.27 0.3 
RS 450- 549 
West          
 RS 450-549 Central 0.41 0.1 0.1 0.5 0.1 0.8 0.03 0.8 
RS ≥550 
West          
 RS ≥550 Central 0.32 0.5 0.43 0.2 0.1 0.4 0.01 0.9 
 RS ≥550 East 1.48 0.004* 0.14 0.7 0.0007 0.9 0.08 0.6 
RS ≥550 
Central          




Table L. Statistical comparisons of centroid location and dispersion metrics for vermilion snapper (RS) size groups (mm) caught in west 
central, and east region. Centroid(I)-Centroid(J)= absolute difference in distance between group centroids as a test statistic; MDC(I)-
MDC(J)=absolute value of difference in mean distance to centroid between groups as a test statistic. MNN(I)-MNN(J)=absolute value 
of difference of mean nearest neighbor distance between groups as a test statistic. ECC(I)-ECC(J)=absolute value of the difference in 
eccentricity between groups as a test static. The observed test statistics were compared to null distributions obtained from 9999 random 
permutations of residuals from reduced linear models. The rank percentile of observed differences between groups was used as P-value 
to test the null hypothesis (Turner 2010). * indicates significant difference at a=0.05. 
 
 
















West          
 VS <300 Central 0.28 0.4 0.34 0.08 0.08 0.5 0.07 0.3 
 VS <300 East 0.76 0.001* 0.56 0.001* 0.07 0.4 0.13 0.06 
VS <300 
Central          
 VS <300 East 0.48 0.08 0.21 0.3 0.15 0.3 0.05 0.5 
VS ≥300 
West          
 VS ≥300 Central 0.57 0.007* 0.29 0.03 0.11 0.2 0.11 0.2 
 VS ≥300 East 0.79 0.001* 0.7 0.001* 0.17 0.06 0.36 0.01* 
VS ≥300 
Central          
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